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The microbiome of neotropical ticks parasitizing on passerine 
migratory birds
Khemraj Budachetri, Jaclyn Williams, Nabanita Mukherjee, Michael Sellers, Frank Moore, 
and Shahid Karim*
Department of Biological Sciences, University of Southern Mississippi, 118 College Drive #5018, 
Hattiesburg, MS 39406, USA
Abstract
Seasonal migration of passerine birds between temperate North America and tropical Central and 
South America is an ecological phenomenon. Migration of birds has been associated with the 
introduction of ectoparasites like ticks or tick-borne pathogens across the avian migration routes. 
In this study, the microbial diversity was determined in the ticks and bird DNA samples using 454 
pyrosequencing of bacterial 16S rRNA gene. Tick DNA samples showed the dominance of genera 
Lactococcus, Francisella, Raoultella, Wolbachia and Rickettsia across all the ticks, but birds DNA 
did not share common microbial diversity with ticks. Furthermore, “Candidatus Rickettsia 
amblyommii” infection in the 91 ticks collected off the songbirds was also quantified by qPCR 
assay. Interestingly, “Candidatus R. amblyommii” was tested positive in 24 ticks (26% infection), 
and infection varied from as low as three copies to thousands of copies, but bird blood samples 
showed no amplification. Our results provide evidence that songbirds serve as transport carrier for 
immature ticks, and less likely to be a reservoir for “Candidatus R. amblyommii”.
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1. Introduction
Migratory birds possess the ability to travel long distances and cross ecological barriers not 
possible for land mammals, and are known to carry their parasites thousands of kilometers 
during annual migrations (Comstedt et al., 2006; Hasle, 2013; Morshed et al., 2014; Ogden 
et al., 2008). Ticks infesting migratory birds are capable of carrying various human 
pathogens, including multiple Rickettsia spp., Borrelia burgdorferi, and various Ehrlichia 
spp. (Bjöersdorff et al., 2001; Parola and Raoult, 2001; Rappole et al., 2000). Ground-
foraging birds in particular are prone to carrying infected ticks (Elfving et al., 2010). It has 
been previously demonstrated that non-endemic ticks can be transported into new 
geographical locations, such as a Dermacentor species that was identified on islands off the 
Norwegian coast. These ticks were likely introduced by passerines, yet they were not 
capable of effectively settling such a cold environment (Hasle, 2013). Many songbirds travel 
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between temperate breeding areas, include the continental United States and tropical 
wintering areas such as Mexico and Central and South America. The migratory bird species 
includes the songbird species used in this study (Rappole, 1995), which were sampled at a 
common migratory rest site along the northern coast of the Gulf of Mexico (Moore and 
Kerlinger, 1987; Yong and Moore, 1997).
The microbiome study is survey of overall bacteria present in environmental samples 
without need of culture. The sequencing of hypervariable region of 16S rRNA gene can 
identify and differentiate bacterial species (Chakravorty et al., 2007), which has been 
employed in next generation technology to identify thousands of bacteria simultaneously 
from a small quantity of samples. The structure of microbiome in body or part of body, 
knowing functional role in healthy individual and its association between health and disease 
provided important information though vast amount of data and validity of its information 
should be experimentally or analytically proven (Cho and Blaser, 2012; Kuczynski et al., 
2011; Turnbaugh et al., 2007). The contamination at or during DNA isolation, PCR, and 
sequencing or even reagent used along the process could be a significant contributor and can 
misguide the sequencing results (Salter et al., 2014; Weiss et al., 2014). In this study, we 
employed the sequencing of bacterial 16S rRNA to identify the diversities of bacteria in 
migratory bird blood and ticks attached with them. We focused on rickettsial agents in both 
bird blood and ticks to see if they have a similarity between them, at least with Rickettsia in 
overall bacterial profiling. The “Candidatus Rickettsia amblyommii” observed in ticks 
(Mukherjee et al., 2014) was quantified using specific probe based qPCR assay.
2. Materials and methods
2.1. Source of neotropical ticks and blood from birds
The bird capture, blood collection from captured birds, and tick collections were presented 
in early publication from the study site Johnson Bayou, Louisiana during 2009 and 2010 
migration seasons (Mukherjee et al., 2014). All studies with animals were performed in 
accordance with a protocol approved by the Institutional Animal Care and Use Committee 
(IACUC) at the University of Southern Mississippi. The nylon mist net method was used for 
the capturing of birds. After the birds were captured, the head, neck, breast and lower 
surfaces of the birds were inspected visually by blowing on feathers for any tick 
attachments. When a tick was found, it was carefully removed using fine-tipped forceps and 
placed in 70% ethanol. The bird species name, band number, tick attachment site, and 
collection date were documented. Blood samples were taken from the 10 focal bird species 
representing sub-canopy/canopy, understudy and ground group (Mukherjee et al., 2014), 
regardless of the presence or absence of ticks, to investigate whether tickborne spotted fever 
group Rickettsia bacteria were present. The collected immature ticks were identified and 
described in earlier publication which were identified by using both morphological keys and 
molecular methods using mitochondrial 12S rDNA gene (Beati et al., 2012; Beati and 
Keirans, 2001; Labruna et al., 2009; Mukherjee et al., 2014).
Quantification of “Candidatus Rickettsia amblyommii” in Ticks and passerine 
birds—The genomic DNA extracted from individual ticks and bird-blood samples by 
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DNeasy blood and tissue kit (Qiagen, CA) in a previous study was used. The qPCR assay 
was performed in 10 bird blood DNA samples, 91 tick DNA samples. But only four bird 
blood DNAs and only 12 larval or nymphal ticks were used for microbiome sequencing. The 
“Candidatus R. amblyommii” was quantified by using rickettsial outer membrane protein B 
(rompB) in qPCR assay (Jiang et al., 2010). Briefly, “Candidatus R. amblyommii” genomic 
DNA was used to amplify the rompB gene using specific primers, Ra477F (5′-
GGTGCTGCGGCTTCTACATTAG-3′), Ra618R (5′-
CTGAAACTTGAATAAATCCATTAGTAACAT-3′), and probe Ra532 (FAM-
CGCGATCTCCTCTTACACTTGGACAGAATGCTTATCGCG-BHQ-1). In this assay, 0.5 
μM of each primer, 0.4 μM probe, 3 mM magnesium chloride, and 2X TaqMan PCR master 
mix (Promega, Madison, WI) was used in each reaction. The rompB positive control 
(GenBank accession # FJ455415) was kindly donated by the Viral and rickettsial Diseases 
Department of the Naval Medical Research Center (Silver Spring, MD). The qPCR reactions 
were performed in a Thermal cycler (CFX96 Real time detection system, BioRad 
Laboratories, CA) as follows: 95°C for 2 min followed by 45 two-step cycles of 94°C for 5 s 
and 60°C for 30s. The number of copies/μL was calculated from standard curve prepared by 
using rompB positive control.
2.2. Bacterial diversity in neotropical ticks: 454 pyrosequencing
The pyrosequencing of tick and migratory bird DNA, and analysis of the sequencing data, 
was performed as previously described (Budachetri et al., 2016,2014). Briefly, tick and 
migratory song-bird blood DNA samples were used for bacterial tag-encoded titanium 
amplicon pyrosequencing (bTETAP) (Acosta-Martinez et al., 2008). The output used for 
analysis had an average read length of ≈450 bp with sequencing extending from the 27F 5′ 
GAG TTT GAT CNT GGC TCA G 3′ to 519R 5′ GTN TTA CNG CGG CKG CTG 3′ in 
relation to E. coli 16S, extending across V1 and into the V3 ribosomal region (Research and 
Testing Laboratory, Lubbock, TX). A single step 30 cycle PCR using HotStarTaq plus 
master mix kit (Qiagen, Valencia, CA) was used under the following conditions: 94°C for 3 
min followed by 32 cycles of 94°C for 30 ss; 60°C for 40 s and 72°C for 1 min; and a final 
elongation step at 72°C for 5 min. Following PCR, all amplicon products from different 
samples were mixed in equal concentrations and purified using Agecourt Ampure beads 
(Agencourt Bioscience Corporation, MA, US).
The obtained sequences were curated to obtain Q25 sequence data, which were processed 
using a proprietary analysis pipeline (www.mrdnalab.com). All the sequences were trimmed 
to remove barcodes, primers, and short sequences less than 200 bp. Furthermore, the 
sequences with ambiguous base calls and homopolymer runs exceeding 6 base pairs in 
length were deleted (Acosta-Martinez et al., 2008; Dowd et al., 2011, 2008; Eren et al., 
2011). The taxonomic level of OTU classifications were performed using BLASTn against a 
curated GreenGenes database (DeSantis et al., 2006). All the raw sequences obtained were 
submitted to GenBank as a bioproject PRJNA288373.
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3. Results and discussion
The immature stages of tick species: Amblyomma longirostre, A. nodosum, A. maculatum 
and Haemaphysalis juxtakochi collected from migratory bird species: Wood thrush 
(Hylocichla mustelina), hooded warbler (Wilsonia citrina), indigo bunting (Passerina 
cyanea) and worm-eating warbler (Helmitheros vermivorum) (Fig. 1) were part of earlier 
publication (Mukherjee et al., 2014) and in this study we further surveyed for evidence of 
“Candidatus R. amblyommii” infections. Amblyomma longirostre and A. nodosum are 
neotropical ticks reported from Mexico, Brazil, Uruguay, and Argentina (Martins et al., 
2014; Soares et al., 2014; Venzal et al., 2005). The survey of all possible bacteria in ticks 
and birds were determined by sequencing of tick and bird blood DNAs using next generation 
sequencing. Both sequencing and qPCR assay results revealed that the ticks and not the 
birds were infected with “Candidatus R. amblyommii” (Table 1, Fig. 1). Unexpectedly, we 
did not observe common bacterial genera between ticks and birds (Fig. 1).
Tick microbial studies yielded 46,499 sequences and 312 OTUs after all necessary 
processing was completed. Similarly, a total of 49,372 sequences, representing 213 OTUs, 
were obtained from the bird blood. The dominant bacterial phyla observed in the ticks were 
Actinobacteria, Bacteroidetes, Firmicutes, and Proteobacteria (Fig. 1). The overall bird 
microbiota in this study was less diverse, with only two dominant bacterial phyla, 
Actinobacteria and Proteobacteria (Fig. 1). We did not observe a similarity in the bacterial 
species present between the birds’ blood and the ticks infested on them. The most prevalent 
genera observed, with greater than 1% abundance in the ticks, were Lactococcus, Raoultella, 
Wolbachia, Francisella, Propionibacterium, Ewingella, Elizabethkingia, Rickettisa. Massilia 
and Methylobacterium. The bacterial genera Francisella, Rickettsia and Raoultella were 
observed in each of tested tick species. The migratory bird microbiome was dominated by 
bacteria from genera: Microbacterium, Pseudomonas, Rhodococcus, Pantoea, Bacillus, and 
Sphingomonas. However, the dominant bacterial genera among the birds did differ, as 
Wilsonia citrina (hooded warbler) had Pseudomonas as its dominant bacterial phyla and 
Passerina cyanea (Indio bunting) had Pantoea for its dominant phylum. The possible 
contamination of the DNA might be the reason for getting Rhodococcus, Pseudomonas or 
microbacterium, Bacillus and Sphin- gomonas in bird blood where we were expecting 
rickettsial reads (Weiss et al., 2014). We were not ruling out blood as sterile as there were 
reports of microbiota detected in bird blood (Mandal et al., 2016). Although, our results rule 
out possibility of migratory birds being reservoir host, birds can be rickettsiamic with 
Rickettsia helvetica (Hornok et al., 2014).
In bird blood and neotropical ticks from the passerine song birds (Table 1), we have 
performed quantification of “Candidatus Rickettsia amblyommii”, though non-pathogenic 
but can modulate epidemiology of R. rickettsii at areas where both species occur (Blanton et 
al., 2014; Rivas et al., 2015). “Candidatus R. amblyommii” positive ticks represented 26% 
of the total (24/91) ticks tested (ranged 3-thousands copies/μL) based on rompB gene qPCR 
assay (Table 1). A. longirostre and H. juxtakochi larval and nymphal stages were observed 
infected with “Candidatus R. amblyommii”. The infection of “Candidatus R. amblyommii” 
was reported in questing H. juxtakochi and Amblyomma species ticks (Castro et al., 2015). 
The transstadial transmission of “Candidatus R. amblyommii” may be the reason for 
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observing rickettsial agent in tick’s larval and nymphal stages. We did not observe detectable 
level of “Candidatus R. amblyommii” DNA from the passerine bird blood in qPCR assay. In 
the United States, infection with “Candidatus R. amblyommii” has been associated with lone 
star tick, Amblyomma americanum (Zhang et al., 2012). In the field collected ticks, about 
60% of ticks reported to carry “Candidatus R. amblyommii” (Moncayo et al., 2010; Zhang 
et al., 2012). But, the infectivity of “Candidatus R. amblyommii” had not been defined yet, 
though some report it as a possible cause of a Rocky Mountain spotted fever (RMSF)-like 
disease in humans (Apperson et al., 2008; Sayler et al., 2014) but its infectious ability has 
been denied (Blanton et al., 2014). In summary, we observed that the neotropical tick species 
were infected with “Candidatus Rickettsia amblyommii” carried by “Candidatus Rickettsia 
amblyommii” free passerine birds captured during seasonal migration from South America 
to the United States.
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Bacterial diversity at phyla level in neotropical ticks and passerine birds. The percent a 
sequence reads of each bacterial phylum were presented from individual ticks and birds 
blood DNAs after necessary curation of sequences observed from pyrosequencing. The 
sequences representing particular bacterial phyla was divided by total sequences observed in 
each samples multiplied by 100 to get percent values. The bacterial phyla with percent 
values less than 1 were presented as “others”. Amblyomma; A.
Budachetri et al. Page 9

























Budachetri et al. Page 10
Table 1
Quantification of “Candidatus Rickettsia amblyommii” in neotropical ticks from passerine migratory birds. 
Larva, Land Nymph, N.
Ticks Passerine birds (Host) R. amblyommii (copies/μL)
(Mean ± SE) and Range of copies in Ticks
Amblyomma longirostreL Helmitheros vermivorum 5685 ±1635(185–11095)
A. longirostreN Helmitheros vermivorum 3
Amblyomma nodosumN Wilsonia citrina –
A. nodosumL Hylocichla mustelina –
Ammblyomma maculatumL Helmitheros vermivorum –
A. maculatumN Helmitheros vermivorum –
Haemaphysalis juxtakochiL Helmitheros vermivorum 6745 ±1214(2164–21719)
H. juxtakochiN Passerina cyanea 4
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